Studies of zinc, copper, manganese, chromium, selenium and molybdenum balance were carried out in eight patients in an intensive care unit. In six of these, nickel balance was also measured. The amount of each element in fluid administered to the patients, and the amount lost in urine and gastrointestinal fluid on each of seven days, was measured by atomic absorption spectrometry and cumulative balances calculated. Satisfactory balances of zinc, copper and manganese were obtained when the amounts administered approximated those currently recommended. Chromium balances were variable, while those of molybdenum, selenium and nickel were negative in most patients. Interpretation of balance studies of this type in critically ill patients is made difficult by abnormal renal and gastrointestinal function.
UNSW FIFA prototype mounted in a microprocessor controlled Varian-Techtron AA-775 AAS was used to measure manganese, and also zinc and copper if their levels were below the limits of detection of flame AAS. Chromium and molybdenum were measured by conventional graphite furnace atomisation AAS using a Varian-Techtron AA-575 with an automated ASD-53 sampler into a CRA-90 graphite furnace. Selenium was determined by hydride evolution and atomisation by an AA-5 Varian-Techtron AAS instrument with a flame heated quartz absorption tube.
Polypropylene, polyethylene and polystyrene containers and syringes were used. The containers were pre-screened to determine that they did not contribute significantly to the trace element concentrations in the fluids. All samples were digested with equal amounts of concentrated nitric acid heated to 80°C, and the oxidatively hydrolysed solutions diluted fivefold prior to measurement. The selenium The eight patients studied all required parenteral nutrition as part of their care. Details are given in Table 2 . Some of the results of the first two patients have been reported previously. 1 A trace element solution containing zinc, copper, manganese, iodine and chromium was added to the 3 litre bag of parenteral nutrition fluid prepared for each patient on each of seven consecutive days. Samples of administered fluid and of 24 hour urine and gastrointestinal Na/BHs fluid collections were analysed for each element, and daily balances were calculated for each of the seven days. Serum was collected at the beginning and the end of each study for analysis of trace element concentrations. The amino acid solution used was Synthamin (Travenol). No fat was administered. Vitamins of the B group, C, folic acid and vitamin K were given.
RESULTS
Mean values of the seven day balances are shown for each trace element in Figure 1 .
Administration of 1-2.5 mg zinc, 0.5-0.75 mg copper, and 0.1-0.3 mg manganese per day resulted in acceptable balances, although in some patients these were slightly negative.
Slight negative balances of chromium, molybdenum, selenium and nickel resulted, despite the administration of small amounts of these elements. The percentage loss of each trace element in gastrointestinal fluid in these patients is shown in Table 3 . Loss of zinc, copper and chromium occurred mainly in the urine. The ratio of urinary to gastrointestinal fluid loss of the other elements was variable.
Serum concentrations of zinc and copper for the eight patients are shown in Figure 2 . With one exception, the serum levels of zinc and copper increased during the study. Serum levels of the other elements were variable, and sometimes below the detection limits of the assay.
DISCUSSION
There have been few balance studies of a range of trace elements in critically ill adults. The most comprehensive one 2 was carried out in four patients, each studied for five days. activation technique with subsequent gamma spectrometry.
In this study, carried out in eight patients, each studied for seven days, atomic absorption spectrometry was the principal analytical method, great care being taken to avoid specimen contamination. 3 The studies were carried out without interfering with the parenteral nutrition programme being instituted by the patient's physician. Caloric and nitrogen intake were therefore variable, and the patients were suffering from a variety of pathological conditions.
The results and their implications are considered for each individual trace element. 
Zinc

Molybdenum
A small input resulted from contaminants. All patients had negative balances.
Selenium
Zero or negative balances were found in all patients, with mimimal input as contaminant. lacobson 2 suggested 30 J..Ig/day.
Nickel
Zero or negative balances were found in all patients, with minimal input as contaminant.
Zinc deficiency occurs in patients receiving parenteral nutrition without supplementation, and it occurs more rapidly in severely malnourished patients fed parenterally without zinc. 6 Copper7 and chromium 8 deficiencies may occur after prolonged parenteral nutrition without these elements. Manganese 9 and selenium lO deficiencies have been reported. Nickel has been shown to be essential in animals, but not yet in man. 11 Our balance studies suggest that it would take a considerable time for whole body deficiencies of molybdenum, selenium and nickel to occur.
The relative percentage loss of individual elements in urine and gastrointestinal fluid varied from patient to patient and from day to day in anyone patient. It was not possible to draw any correlations between patterns of excretion.
Serum values were difficult to interpret, except for zinc and copper, whose values increased during the study, irrespective of whether the overall balance was positive or negative. The enormous variability in normal serum values has recently been documented. 12 While balance studies of this type have a number of potential problems, such as collection errors, sample quantitation, and analytical difficulties,13 they do indicate the likelihood of whole body trace element deficiency occurring over a period of time in the absence of supplementation.
Administration of fixed composition trace element mixtures carries the risk of overdosage with one element when the amount of another is increased. It would thus seem reasonable to administer zinc routinely to all patients receiving parenteral nutrition and to reserve administration of copper, chromium, tnanganese and selenium for patients requiring parenteral nutrition for several months, those with excessive gastrointestinal fluid loss, and those already in a state of severe malnutrition.
